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. . . because they have sponsored rugged industrial 
instruments unequalled in sensitivity, speed and adap- 
tability. 

In TAG CELECTRAY Pyrometer design, recording ac- 
curacy is maintained not only because these Pyrome- 
ters are accurately calibrated as electrical instruments, 
but because the TAG method of photoelectrically 
balancing a potentiometer or Wheatstone bridge is 
precise. Recording is accurately repeated even in a re- 
cently announced high-speed CELECTRAY Recorder 
which will handle as many as twelve records in a little 
over one minute .. . balancing error a few hundredths 
of one percent. 


Ask for full details of the complete line of TAG 
CELECTRAY Pyrometers especially suited for de- 
pendable service in industry . . . There are models 
for Recording, Indicating and Controlling which stand 
in a class by themselves for superiority in combined 
high speed and precision. Send for your copy of Cata- 
log No. I10I-l which describes these CELECTRAY 


Pyrometers fully. 
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l. New. scientific principle of temperature indication... 


eT metal operating element... no glass. no fluids. 
W/, > fs 
159 An 7 5 
Lf 150 200 2. \ceuracy of I‘: over entire seale. 
: > 3. Vo damage from over-temperatures or severe vibration. 


4. Quick. smooth response to temperature changes. 








— 
5. Corrosion-resistant materials used throughout. 
' 
6. Easy to read... easy to install... standard stem lengths 
to 24”... ranges up to L000 F, 
Operating on a new but thoroughly proved principl 
J ! : 
(A Which provides sustained accuracy and easy readabilit 
Ea — 
= and whic hy eliminates breakage from over-ten per iture 
= ; : 
— the new WESTON industrial temperature gauges are 
= 
z ing wide application throughout all industry for the 


bt 


d- well ad- many unusual temperature indicating requ 


Lateull 
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ments. Complete information is available. Communit 


with the nearest \ ESTON repres¢ ntative. or. -ene 


. Industr Temperature G i tor literature 
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iN THAIS FSSsvUe 


Again the Forest Products Labora- 
ory contributes to the American peo- 
le —through IJnstruments—a new 
(but already highly-developed)  in- 
strument. This time it is a novel vac- 
1um-tube resistance bridge — which 
[. I. Davies describes in this month’s 
first feature article. Page 261. 


Again Professor Williams states 
novel points of view on relatively old 
levices—in concluding his treatment 
f “recent” scratch hardness methods. 
Page 265. Yes, he will discuss modern 
scratch hardness methods beginning 
next month. 


Again it is Instruments’ role to pub- 
lish for the first time an arduously 
compiled table of characteristics of a 
class of instruments. R. R. Batcher 
has just completed one relating to the 
eathode-ray tubes on the market. Page 


267. 


Again the Instrumentation Forum 
contains not only the proposed solu- 
tions of an unusual problem but also 
the statement of another unusual 
problem. Page 268. 


And again the month’s crop of new 
instruments sets a new high for the 
year: twenty-two columns—more than 
thirty items—approximately forty dif- 
ferent new devices. Pages 250-260. 


But no matter how useful we try to 
make each of the remaining issues of 
Volume Ten, they seem unimportant 
in comparison with one that is begin- 
ning to take shape. 


THE FRONT COVER 


shows another of those impressive 
rows of furnaces—impressive because 
all are equipped with modern individ- 
ual control panels. It was submitted 
by the C. J. Tagliabue Mfg. Co., which 
got it from the Hevi-Duty Electric 
Furnace Co., which took it at the 
American Brass Co., Waterbury, 
Conn. 








TENTH ANNIVERSARY PLANS 


An intimate message from RICHARD RIMBACH, Publishe 


ce n the first issue of Instruments came off the press in 
January 1928, there have been tremendous advances in the 
fields to which it is devoted: 

in the useful applications of instruments, meters, automatic con 
trollers, inspection and testing devices, etc., throughout industry; 

in the diversification of these products, in their standardization and 
in their quality; 

in the formulation of the theories underlying proper selection and 
correct application of these products; 

in “the recognition of Instrumentation as a distinet branch of engi 
neering and as a distinct field of scientific management’’—even by some 
groups jealously antagonistic in the past (but now scrambling to climb 
on the band-wagon) ; 

in the publication of authoritative terts on the several distinct 
branches of Instrumentation; 

in the organization and management of instrument departments; 

in the training of instrument apprentices, instrument engineers, ete. ; 

in the influence and standing of instrument men, whatever their 
official titles may be; 

in the economic status of all instrument men, from young instrument 
apprentices to instrument-minded high executives whose titles do not 
include the word “instrument”; 

—and in the manifold blessings to civilization brought about both 
directly and indirectly. 

As you know, this progress is largely due to the pioneering 
efforts and creative work of a “circle” including not only [n- 
struments’ editorial staff but hundreds of advisers, authors, 
collaborators and correspondents in all industries, in all 
branches of science and technology. Yesterday this circle put 
Instrumentation ‘on the map.” Today it is doing more for the 
profession than all other friendly influences, and it is defeat- 
ing unfriendly influences. Tomorrow this ever-widening circle 
will function even more efficiently, even more purposefully ... 


Meanwhile, it is proper that our coming tenth anniversary 
be an occasion for publishing reviews, analyses, forecasts, use- 
ful compilations, ete. Accordingly, our January 1938 issue will 
comprise fourteen sections, bound in two parts (see Page AQ) 


Because of the permanent reference value of this January 
number, the demand for copies will be enormous. A publisher, 
however, cannot take chances. There is no national association 
ready to make up our loss if we print 30,000 and sell 15,000. 
Therefore, we shall print just enough for subscribers on our 
books and paid-in-advance orders, plus the usual copies to 
authors, advertisers, etc. Thousands of engineers, executives 
and research men are going to be disappointed—especialls 
wherever there is only one company subscription and a num- 
ber of individual readers. If you are merely on your company’s 
route slip, you will probably be out of luck. See to it that a 
group subscription is sent. Use the form on page AQ. 

While I “have the floor” I want to remind you that there are two kinds 
of editors. One is a “‘scissors-and-pastepot-editor.”’ He takes the material 
as it comes to him, questions little, edits less—and has it set in type 
Then with scissors and paste he puts together a magazine, a creditable 
one perhaps, though its content has not improved by his having worked 
with it. The other is a creative editor. He studies, questions, edits, polishes 
and correlates the copy that comes to him. The individual manuscripts, 
when he finishes with them, are better, smoother, less wordy, more thor 
ough, easier to read. He makes the reader’s work easier for him. Perhaps 
you can identify magazines edited by these different types of men. 
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The Mark of 
Effective Control 














Process Control for sensitive. stable 
automatic control of temperature, 
pressure. liquid level.flow and other 
factors as applied to industrial 
processes. Responds to changes 
quickly.without overtravel or hunt- 


ing. Ask for Bulletin No. 101. 


Combustion Control that is simple 
but comple te for providing econom- 
ical operation 
ol boilers of 
200 h. p- and 
larger. Details 
in Bulletin 


No. 102. 


Boiler Meters 


for recording 





combustion 


Recorder-Controller 


conditions and 
ruiding boiler operators. Describe d 


in Bulletin No. 44. 


Multi-Pointer Gages for indicating 
factors such as draft. pressure, tem- 
perature and speed. 
These Gages are avail- 
able with any number 
of pointers and any 
scale combination; in 
either the oil sealed 
bell or diaphragm con- 


struction. 


Flow Meters for indi- 


cating. recording and 





integrating the flow of 
steam, water, sewage, 
air, gas and other fluids. Bulletins 
No. 39 and 300. 


Recorders for pressure, temper- 
ature. drafts. liquid level and other 


factors. 


BAILEY METER 
COMPANY 


1041 Ivanhoe Rd., Cleveland, Ohio 


NEW 





INSTRUMENTS 


In this department we strive to report each month ALL the new devic 
for measurement, inspection, testing, metering and automatic control— 
the form of concise technical descriptions. 


When writing to manufacturers directly, please mention this department 


your source of information. 


Or write to Information Section, Instruments Publishing Company. 








“Bioptical” Pyrometer 


This is rie “combined color” py 
mete el Ving rie rings principle 
et e use of light ters 1 color 
edu said to tye inspare ) nun 





ber of colors simultaneously. By using 
hiiters it! ti number of transparencies 
both for separation and tor mixing and 
toning down, slple temperature meas- 
uring device in the form of colored disks 


, . Siar Iss 
Is rendered possible New Bi-Optical 


pvrometer is said to permit the black 
body temperature ind the ictual tem 
perature to tne iscertained = simultane 

ously.” Instrument is furnished ith 
scale ranges trom bout 9O00-L900" ¢ or 


1L700-3500° F.. mav be used for laboratory 
ind research applications including fet 
rous allovs in the open, flame heated fur 
te The Pyrometer lustrument 


( ) Latauette S/ Vex York City 


maces, ‘ 


Electronic Paint 
Thickness Gage 


For measuring thickness of paint filn 


on metal objects, new “Bathyvtrol” em 


plovs i modification ¢ 
method 


f the penetration 


vhereby in electric circuit is 


closed and a light flashed when a stvius 
comes in contact with metal below paint 
film Instead of lamp lighting 1 
flowi through stvlus 


current 
(which is said to 


bea source of considerable ¢ rror because 


of ore Variations in small-area’ high 
resistanm contacts between stylus point 
ind metal) only i triode-grid current 
is required to flow through stvlus: a few 
nucroamperes at 1 few millivolts sut 


ice to shift tube grid to positive, so that 


te circuit energizes a_ telephone typ 


relay requiring a few milliamperes) 
which in turn closes lamp. cireuit. Ap 
paratus comes complete in carrving case, 


ready for use on flat, curved or irreg 
lar surfaces. The only parts subject to 
wear re standard tungsten steel 
phonogr ph needle ind a radio tube 
lect i Contre (or) Rast 
ie 


frand Blvd... Detroit, Micl 


Improved“Rotameters” 


} 


Compe e line of flow-rate indicat 
recorders, controllers ind telemeteri 
systems with “Rotameter” variabl 
Class, float type, primary elements 
lnstrume 


ivailable from =n 


numerous news items In 
SINCE 1931) is now 
company devoted exclusively to the n 

ufacture of the primary elements and 

thre issembly ot complete systems el 
hodving electrical and other componer 
obtained from American instrument cor 
panies). Development ind inst illation 

special machinery for the manufact 

of primary elements in the U. S. A. ha 
not only ended troubles previously irl 
ing from dependence on Germany, bi 
has resulted in the production oft inter 
changeable parts heretofore unavailable 
It is furthermore claimed that this in 
terchangeabilityv. is made possible by tl 
introduction of American precision meth 


ods, so that users no longer need. re 


' 


calibrate meters and controllers whe: 


ever an essential element has to be 


ieccidental breakage 
Among other improve 
precision tubes are pei 


Fishei 


Glermar 


replaced following 
or other CAUSE 
ments In new 
manently-fused) graduations 

Porter ( 0 Ow Penn St 


fown Philadelphia, Pa. 


Small-angle All-range 


Acoustic Pick-up 


Highest degree of directional selecti 


itv, without sacrificing important por 


tions of the audio-frequency spectrun 


is rccomp lished by issembly of grade 





“pipe organ” prin 


tubes combining (1) 
ciple for spectral width and (2) “target 
rifle” principle for angular narrowness 
Non-technical photograph (use at An 
Legion ~ trade broadeast) is purposels 
selected as illustrating “fecusing” on one 
source of sound surrounded by others 
Western Electric ¢ Broadwa 
Vew York Citi 














Air-operated Control 
Potentiometer 


For process control applications where 
ooth proportional valve action is im 
rative and the potentiometer principle 
temperature measurement 1s preferred, 
¢ *Fulscope Micromax \ir operated 
tentiometer Controller” is announced 
utilizes the “Fulscope” complete lv-ad 
stable air operated control mechanism 
see Llustruments, April 1934, page $81) 
ts temperature measuring system is the 
& N “Micromax” recording and in 
licating pote ntiometer (see linstrument 
Sept 1931, page 505) in whieh all fune 
ions affecting accuracy of temperature 
leasurement reference - Junction com 
ensation, balancing of the potentiometer 
ircuit and current standardization—are 
ompletely automatized. Interchangeabil 
ty of principal parts of both mechanisms 
ith the Fulscope and Micromax instru 


nents now in service makes for small 


HHI 


SC Robe 


{ ' 
ELT 





stocks of replacement parts and better 
service. Fulscope control unit operates in 
conjunction with the Taylor “Motosteel” 
diaphragm valve (see Instruments, June 
1936, page 156) For ipplications where 
precision valve action, or both precision 
valve action and compensation. for 
changes in load, may be necessary, the 
Fulscope control mechanism can be sup 
plemented with the Taylor “Valv-Pre 
(/nstruments, Nov. 1935, page 
control unit 


cisor” 
314) or “Dubl Response” 
Instruments, M iy 1933, page 112), re 
spective ly. Thus, it is said, control equip 
ment most economically solving individual 
control problem may be selected.—Taylo 
Instrument Companies, } {mes St 


Rochester, N.Y. 


Redesigned Valves 


( ompletely redesigned “Flocontrol” 


valves are said to be “a combination 
flow instrument and shutoff valve.” They 
retain straight-line flow characteristic of 
' 


the original valve. “Superhard” stain 


less-steel seats and disks (500 Brinell) 
have to be made on diamond boring 
machines. New valves have an entirely 
new body of union bonnet tvpe inst id 
of the inside screw bonnet originally 
used, are suitable for such applications 

“1 


S temperature control for gas-fired, oil 


ited processes: Tor pro 


fired or steam-he 
portional blending ot liquids, water 


softening systems, oil burner lines, co 


tinuous boiler blow-down, et« 





/ 


or incock Dur l 


} 


Stellite seats, cde 


Also announced is the 


valve,” with interna 
veloped expressly for high-pressure high 
tempe rature service (1500) Ibs./in it 
950° F.), claimed to put in end to valve 
maintenance due to steam leaking be 
tween valve seat ring and valve body 
New design permits Stellite seat fae 
ine to be easily welded in and serviced 


even on. small sizes. “Duravalves” are 


made in one basic size and then t ipped, 
or bored for welding, for . , or 
1’” pipe Hancock Valve Division, Mai 
ning, Maxvwe Y Moore. lie Bridge 


port, Ce 


Torsional Damping 
Testing Machine 


the intern 


Designed for determining 


damping capacity of materials being 
considered for important uses such 

crank shafts, ete.. new ‘Torsional Damp 
Ing Recorder can be used. for testing 
steel, aluminum, phenolic materials, ete 
It takes 1 test piece shaped into a rod 
seen vertical in photograph), which is 
twisted 0.0039 radians and then let go 
Oscillations re iutomatically recorded 
by the stvlus-on-celluloid) method. Each 
test record, tovether with hve nown di 





mensions of the specimet nd constants 
ot the n chine, gives complete aata 
from which it is relatively easv to con 
rut ho iy ( I eri BON I Il! 
capacity 1 rt hve erties 

‘id qe / une ( ( BS. tA 
Termi 1 \ } 





On 











for the most 
difficult temperature 
control problems 


THE 
H & B All-Range 


Temperature Controller 


WRITE FOR BULLETIN TC-3 


MANUFACTURED BY 


B. O. BUSHNELL 


541 N. Kings Road Los Angeles, Calif 
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EASILY CLEANED 
The case stem of the Ames 
Shockless Gauge can be easily 
unscrewed, the lower half of 
the spindle withdrawn for 
cleaning and the assembly re- 
placed without otherwise dis- 
turbirg the gauge. For details 
of other exclusive features, 
send for the Ames Gauge cat- 
ilogue. 


}/ / / 
AMES $ ALL GAOCES 


B.¢€. AMES COMPANY 
WALTHAM, MASS. 








An AM Purpose 


AIR VELOCITY METER 
Alnor” 
V elometer 


Instantaneous 
Direct 
Reading 


No Timing 
No Calculations 
Write 
for Literature 

ESTING LABORATORIES, tn 








ILLINOIS T 
w Au Ave Chicago, Illinois 








HARDNESS 
TESTING... 


done WITH NO MENTAL HAZARDS. 
The SCLEROSCOPE has done it for 


the past 20 vears 
© In general use 
| for specification 


purposes. Sim- 
ple, sturd y. 
Comparatively 


inexpensive. 


Illustrated 
bulletins 
free. 





The Shore Instrument 


& Mfg. Co., Inc. 


9025 Van Wyck Avenue, Jamaica, N. Y. 
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Pyrometer Controller 


*Alnor” Py rometer Controller for 
heat-treating furnaces, melting pots, etc., 
employs a contact-less principle of oper 
ition: pointer of indicating pyrometer 








carries a smal 


| vane, and an adjustable 
target carries two vanes which are. the 
capacitive element of a tuned. circuit 
When pointer ipproaches temperature 


setting, vanes of pointer and target il 
terleave ind produce a circuit change 
whereby a relay is operated. There be 
ing no direct contact between the vanes, 
pointer is always free to give continuous 
indication and control. A red bull's eve 
indicates whether furnace heat is on 
or off All circuit elements are operated 
considerably under rating. Should tube 
burn-out oceur, furnace is automatically 
shut off. ‘Tubes are obtainable from radio 
tube dealers. Tube replacement does not 
ilwayvs necessitate re-tuning instrument 
For electric furnace operation, metallic 
mercury switches are available in sizes 
up to 35 imps it 110 volts ace. For 
higher ratings a separate circuit: break 
er is necessary For fuel-fired ipplica 
tions, solencid or motorized valves are 


energized. The pyrometer movement is 


“Type ~860" Tlorizontal EKdgewise. (/1 
fruments, \ugust 1935, page 219) 
Standard temperature ranges 0-300, 


O40 0-500, 0-800, 0-800, O0-LOQ00, 0- 1200, 
O-TG00, O0-2O000, 0-2500, 0-8000 ce rrees F 
or | equiy lent, hand-ealibrated tor 


{ 


tantan, chromel- const 


iron-cons intan, 


] latinum-p'atinum 10% 


chrome! itu 
or 13% rhodium, depending on equip 
ment and range / 0is Testina Labor 
tories 0 N. LaSalle St., Chieaqo, Il 


Universal-swivel 
Indicators 


Three new models of the “Universal 
Test Indicator” brought out afew 
months ago (/ustruments, July 1937, 
page 174) ire innounced, mm iking i\ ul 
able the following line: 


Vode Graduations Ranae 
ee DI corisncincencanvinsn 08" 
Risintitcaticasbadstesive SOMNIEE, sentiucivvccn bi 0 008” 
mix sdennvecen AEN: Gccavexskuaaseed 0.2mm. 
} veeeeeeeel OLMM ‘ ; 0.8mm. 


All four are externally alike except for 
the dial graduations..-Federal Products 


Corp., 1144 Kddy St Providence, R. 1 





Sealed Thermal Syste: 


Thermometers 


Phermal system of new “Mono-ther: 
indicating and recording thermomete 
competely and permanently — seals 
ictuating medium, being either weld: 
or brazed into one piece of metal (wher 
“mono”), remains tight in spite of n 
chanical shocks, continued vibration, ar 
overrange temperatures. New constru 
tion is at present being ipplied to vapo 
pressure, gas-filled and liquid-filled clas 
es. By means of new extra overrane: 





protection, liquid filled recording instr 
ments can be protected against an overt 
range up to a maximum of 500°F.; gas 
filled recorders can be protected agains 
in overrange of LOOG% up to a maximur 
of LOOOS F.: ipor-pressure recorders ¢al 
be protected for a 100% overrange “t 
the breakdown point of the actuating 
medium.” Bourdon spring of vapor-pres 
sure indicating thermometer has bee: 
1 ide \ ider: movement large ind strong 
er. The gas-filled recording thermomete: 
iso emp ovs 1 new wide spring whic 
increases its power The Forboro Ce 


Foxboro. Massachusetts 


Water Circulator 


Lo speed up circulation on hot wate 
heating systems, this new device may be 
used alone or in conjunction with ar 
M-H Flow Valve to provide fully auto 
matic Summer wil 
ter hot water cor 
trol. Water Circu 
lator is quiet it 
operation, leak 
proot Dy reason of 
standard. witl 
built - in therma 
overload cut - out, 
has a high starting 
torque, offers ne 


has stainless stee 
drive shaft and 
bronze bearings 
Sizes to fit l 

114”, 2” and 8 
pipe mains. Al 
though 110-volt 60-eyele motors are 
standard, Circulator is available for 220 





volt 60-eycle and 110- or 220-volt 25, 30, 


40 or 50 cycles, or for 115- or 230-volts 
d.e. Minneapolis Honeywell Regulator 
Co Minneapolis, Minn. 


M-H Packless Seal, 


radio interference. 











Pyrometer Controller 


Designed for fuel-fired or electrically 
heated apptications which cannot be suc 


» 


“Dairy” Scale-range 
Thermometers 


\ new line of thermometers is an 
unced, all of the “industrial” con 
ruction and all for industrial app!i 
tions below 212°F. as typified by 
iries, Creameries, ete. New models in 
e include multip'e-purpose — instru 
nts with the seale cases illustrated 


cessfully controlled by 
systems, new “Proportioning Capacitrol” 


or 3-position 


ese meet all Federal, state and local 
ith regulations; make it possible to 
id cooling, aging and pasteurizing 


mperatures on one instrument; em 


(F» 


. J 
<4 





is a modification of original Capacitro 
(see lnstruments, Nov. 1935, page B04) 
It provides a throttling or proportion 
ing mode of control by regulating the 
ratio of on time to off time in a time 
eycle of predetermined duration. ‘The 











peoenteceeens 





ris. 1 E length of the cycle has been chosen suf 

788 B ficiently small so that the change in 

q H temperature is practically negligible,” it 

+ of : is said. This continuously-repeating time 
; - ‘ss HO ; : a8 . 

4 Fig. 2 pe cyc.e mode is supp-ement il to direct 

Fhe control of fuel supply: it comes into 





pray as the furnace or oven temperature 
approaches the setting point. “Contact 











less” operating principle is similar to 
that of original Capacitrol: pointer of 
indicating pyrometer is free at all times 
and commands the control mechanism by 














vndy *TAG Red Reading Mercury Col 


oe Shee its position with respect to tuned-cir 
umn”; and have single-degree divisions 


: : cuit elements Wheelco Instruments Co 
1ot more than 16 per inch. Fig. 1 shows 98: Bialeted St. Chicano. Lit 
iniform-bore-tube thermometer with 13/7 F 

scale having cooling range graduations 
it right and pasteurizing range at left 
Fig. 2 shows “universal scale” thermom 


‘ter: a 12’ scale in a 7” scale case. 


Traveling Type Oven 
Each is available with various stem ar 


th various stem a Temperature Recorder 
rangements.—C. J. Tagliabue Mfg. Co. 


Park & Nostrand Aves... Brooklyn, N For use in baking, finishing and ena 
4 meling ovens, ete., a traveling type re 
cording thermometer passes through the 
oven on the convevor with the work, 


Boiler Control Unit 


Designed for steam pressures up to 
150 Ibs./in 2, this new boiler control unit 
is a combination pump control and low 
vater cut-off. These two controls have 
distinctly separate operating levels, and 
the differential between the two circuits 
is adjustable, as is also the differential 
vetween the off and on operation of the 


controls \ flexible  meta'lic bellows 





the reby producing i record of the tem 
transmits float power to the outside peratures to which the work is sub 
switch mechanism, without stuffing box jected. Among apptications are ovens for 
es. Pump control circuit commands boil treating the finish on automobile bodies: 
er feed pump in accordance with re records serve as guides to proper tem 


quirements of boiler. At a lower level, perature for color of finish desired. The 
ru second circuit will shut off the oil new portable recording thermometer 
burner or stoker in case of a fuse fail records on an 8’ round chart for 24 
ure in the pump circuit.—MecDonnell & 
Ville r. Wrigley Bldq., Chicaao. //l fol C'o.. Water ury, Conn, 


hour or 7-dav clock rotation The Bris 

















’MEGGER’ Presents 


a new and unusual type of portable ohmmeter 
for the man who needs something defin tely bet 
ter than instruments heretofore available—some 
thing more dependable, more accurate, with 
which to measure resistance in coils, contacts 
circuits, relays and other equipment 

The MIDGET MEGGER”™ CIRCUIT TEST 
ING OHMMETER is a true ‘‘Megger’’ Cross 
Coil Ohmmeter (not just a voltmeter cal brated 
in Ohms). It requires no adjustment for battery 
voltage. Has remarkably wide ranges—from .1 
ohm to 200,000 ohms. Has remarkably low 
ranges—9 to 3 ohms full scale, read ng to .02 
ohm. Built to ‘‘Megeer’’ standards of accuracy 
ruggedness and durability 


Write for descriptive Bulletin 1495-I. 


JAMES G. BIDDLE CO. 


ELECTRICAL AND 


SCIENTIFIC INSTRUMENTS 
1211-13 ARCH ST. PHILADELPHIA, PA. 








The Burling 
HEAT CONTROL 






TANKS 


PRESSURE 
VESSELS 


DRYERS 


For 
Industrial 
Processes 


A rugged and accurate instrument that is 
easily installed in ovens or tanks with 
su'table nttuings Tubes of non-corrosive 
alloys. Coming soon—TWO STEP CON 
TROL—Watch for announcements 


Send for descriptive folders 


Burling Instrument Company 


239-243 Springfield Ave Newark, N. J 
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Indicating Model 


of Temperature 
Controller 


ll i i-rnie ic rigid-stem ait 
( re ( ntrocieyr See 
/ \ug t 1936, op é 16 





rrangement whereby departure 


tro etting-point ire indicated) on 
ero-center type seale covering a_tota 
t ue ot hoe] ind visible through 


nado in cover Though calibrated in 
degrees plus and minus, “Variation In 
dicator” arrangement is not inherently 
thermometer but a guide to controller 
performance: pointer is adjusted to zero 
hen temperature of controlled applica 
tior measured by other means) is 
Should it be 
desired to hold the same ipplic ition at 
than 20 


higher or lower, or should it be desired 


exactly at control point 
temperature more 


transfer entire controller to another 


pplication where i. different tempera 


ture is to be held, re-setting of vointer 
' x of | 

ero is similarly effected BO. Busl 

\ hh Road, 1 Inde 


Superpressure Gage 


and Pump 


, or items of especial interest 
e interested in the utilization of 
erpressure re innounced (1) \ 
el t g t tree PISTOT TV pe wit] 
i 
1 
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uxiliary pparatus for developing and 
measuring pressures u i: to 50,000 Ibs. /in 
or more, for calibrating Bourdon gages, 
calibrating manganin ind piezoelectric 
gages used in measuring gun breech 


pressures, and in general, the precise 


measurement of high 


pressures far le 





yond the range of ordinary commercia 
equipment Fig l shows dead-weiglit 


gage with a two-stage 


pressure device 
consisting of a hand hydraulic pump 
capable ot developing “up to 15,001 
Ibs./in.*, and a 10:1 ratio pressure in 
tensifier. (2) A motor-driven pump, Fig 
2, for developing hydraulic pressures up 
to 80,000 Ibs./in (2000) atmospheres ) 
for testing high pressure cont liners, ord 

linericai lustrument Co 


Saver Sprids Vid 


nance, ete 


Burner Control 


“Type RISTA 


burner control permits predetermined 


Protectorelav” industrial 


ol 
ignition timing, delaved opening of the 


oil valve, if required, and timed scavenger 





or recycling period. It incorporates 


basic “Series LO” circuit using one 

voltage and one low-voltage relay. © 
time switch is utilized for both ieni 
ind oil valve as well is providing ati 
del ived return to the cold position, N 
device is offered for use with “Type ( 
Pyrostat™ mounted in stack or breec! 
to provide safe operation of bun 
This three-wire safety control over! 


on the heating evele but not on the « 





ing cycle lenition switch timing is ad 
justable from 45 to 120 seconds with 

factory setting of 120 seconds. Delayve: 
oil valve timing is approximately 25 ti 
35 seconds, and safety switch timing j 
ipproximately 80 to 100° seconds. Cur 
rent rating is 10 amps. at 110 volts anc 
J amps. at 220 volts with a motor rating 
of 1 h-p. repulsion-induction and 1. h-p 
split phase. ¢ ibinet is approximately 7 

Vinneapolis Tlow 
Vinneapolis, Min 


high and 77.” wide 


eywell Requlator Co.,, 





SHALLCROSS 


Resistors, Switches 
and Instruments 












| SHALLCROSS 
wre wound 


\ RESISTOR 4 





Our products have established an 
enviable reputation in many of the 
industrial and college laboratories 
in this country and abroad. 


Write for Bulletin 140-HA 


SHALLCROSS MFG. CO. 


COLLINGDALE, PA. 

















SHOP MICROSCOPE 


A practical tool for both the tech- 
nical and practical man to examine 
machined and cast surfaces, cast- 
ing defects, inclusions, and textile 
goods. Portable and will work in 
any position on large or small 
parts. Magnification, 20x 30x 
1OXx, 
Write for Literature 


Harry W. Dietert Co. 


330 Roselawn Avenue 
Detroit, Michigan 




















it extremities of Calibration, Is not t eriod fryy tomatic 


Conductivity Bridge ——iectea’by line voltaze wariutions BP 


circuit is a-c. bridge with 3-volt is t Ive Wel d do 
measuring resistances and elec obtained from transformer, Tvpe 6N3 trol then remains in ope} 
uc conductivity, two new models ol cathode ray balance indi« itor, preamy I 5 eve 
yrtable bridge are announced, oper fier stage ahead of balance indi 
from 110 to 400° volt ind 25 to built-in d-« power supply for 7 ifie? 


ind null indicator. Dial scale let 
ipprox. 1477; multipliers provide 
decade ranges so that 
i ar hie ail reads WU SII i ) 

Walnut case witl remo Pie i: Carne 
sions 11/814" K 71.” ‘ i 


( 
/ 





‘““Combustrol”’ 





Complete iton ization , f ‘ repeated 1) 
st ] e f ( ‘ ( 
re ized it Ss COI j l or 
s| t t na l ¢ r 
KNOWN Ss ( t | 
guards ens, rurnaces, ins. et 
gainst explosions by ] fa g P : 
pee renenneed safe cyche to Belting the Three-inch Dial 
burners, as we s (2) completely shut 
ee ermometer 
Ipie-Dtl el nst tior t 13 ste ; 
ing <« l IK e¢ ue . 
signa ights ‘ S ; r 
circuit l e f dis 1) ‘N 
\ 
ence hy Ui t a 
yore sl les ith oT tnout a ft sate eT1LOG ¢ 
( ermomerce Bac del on ing r¢ 1 : ‘ ; 

used » measure specific resistance set inte ing y Sane i a 

electrolytes from 0.2 ohm to 2 meg lable. At end of , ignit F150 . 200<% 

ms, and resis ces Tro 2 ohm t storme re . 

25 meg War ( S IG, exce ize¢ } ere WESTON 





EXHIBITS 
in Booth G-14 


at the National Metal Exposition 
Atlantic City ... October 18 to 22 





- 
“= 
- 
= 
- 
i. 
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DILATOMETERS v7 gy 

PHOTOMICROGRAPHI APPARATUS 
“PANPHOT” 

AUTOMATIC GRINDING AND POLISH 
ING MACHINI] GUTHRIE-LEITZ 

BINOCULAR STEREO MICROSCOPES 

LEICA CAMERAS AND ACCESSORIES 


E. LEITZ. Ine. 


730 Fifth Avenue. New York. N. ¥. 


Washington Chicago Detroit 






























BALANCE 


prin 


meas 


ers ut liz the 
of the 
mists ba 
null princ. ple 
Meters oO 


entists as th 


the sensitivity finest 


5 f made—the ch lance 
livanometer 
( as Llectric Flow 


ogn:zed by s« 


, 
rT 


mecans Of measuring a force Oo 


1 ! r ' 
sons e galvanometer detects the slightest 


flow of fluids, without 


cted by frictron « var at‘onrs in voltag 


rency. This insures a matchless accuracy 


( ane | , M 


j 


ters that 1s explicitly guar 


ccc Write for Pui 


COCHRANE CORPORATION 
3120 WN. 17th St. 


ication L096 


Philadelphia, Pa. 


aa tee 


OCHRAN 














Du MONT 


Type 168—5 Inch All-Purpose 


OSCILLOGRAPH 


This modern Cath- 
ode Ray Oscillo- 
graph incorporates 
many advanced fea- 
tures. It employs a 
Du Mont type 54- 
XH, 5 inch Cath- 
Ray Tube 


prov ides a 


0 d ec 
which 
hair line trace, unt- 
torm focus over 
the entire screen, 
long life and high 

The _ fea- 
two stages 


intensity. 





tures of 
of amplification on 
the vertical, separate power supplies for 
ray and circuit 
nteract‘on of controls, a high 
which 


the cathode tube sweep 


insuring: no 


gain sweep expand ng ampliler 

allows observation of waves of much 
higher frequency than the fundamental 
frequency of the sweep, are only a few 


of the features which make the type 168 
an outstanding instrument. 


For complete details write 


Allen B. Du Mont Laboratories 
INC. 
Upper Montc'air, New Jersey 
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Megohm Bridge 


544-B” 


conventional 


Circuit of “Type 
Bridge is that of a 


stone bridge with a vacuum-tube volt 
meter used as the detector. Bridge is 
balanced by means of a logarithmic dial 
nd a multiplier itch. A microammeter 
in the plate circuit of the vacuum tube 
detector serves as a nul indicator. Use 


nent is 0.1 megohm 
vhich is covered by 
length of 35” 


him 10 


Resis 


one meva-meg 





detected. Provision is made 
of 3-terminal sam 
Voltage 


iCTOSS sample is 90 volts, remains prac 


ohms) can be 
the 


using 


for measurement 


ples guard electrodes. 


tically constant during balance. ‘Termi 
nals are provided for applying up to 500 
volts to the bridge from an 
\pplications include 


ition resistance of ¢ 


external 


source measuring 


ibles and ele c 


msu 


trical machinery, leakag resistance of 


condensers, and volume resistivity of in 
Since 


iterials volume resis 


sucating mm 
is sensitive to small traces of mois 


ure, measurements with this brid can 


ve used as a measure of moisture con 


tent. Accuracy is +3 between 0.1 meg 


100 megohms, 6 between 
megohms \c 


than 1 can be ob 


ohm ind 


ind LO,Q00 


better 


100) megohms 
curacies of 


using an external decade-re 


tained by 


sistance box. Instrument is supplied for 
either a-c. or battery operation, weighs 
ipprox. 380 Ibs., measures 22! 5 


Radio Co., 30 
Mass 


Ss overall General 


f (‘ami ridae 





Turn back to 


Page A9 











Modified Schering 
Bridge 
For determining dielectric char 


both 


materials, 


istics of samples of liquid 
this my 


bridve is said to 


solid insulating 


form of Schering 


ot} 





bine safety and 
High voltage is app.led only to the 


sample and to the standard air capacit 


convenrence, 


LCCUrT 


\ll adjustable elements being contin 
within a grounded shield, operator is fu 
protected and accuracy is assured. Gua 
rings of standard capacitor and of sar 
ple are brought to proper potential | 
merely connecting them to the ground 
shield. A 
residual capacitance is used which en 
ibles results to be calculated from sir 

pie equations. In the case of low powe 
factors, result is read directly. Capaci 
ranging from 
factors 


tances 
from to 0.7 
iccurately determined. Ne 
intended for 60-evele 
standard air 
listed are 


and 0.0001 


power 

can be 

use on 
capacitor in 


rated at 1 


bridge is 
circuits; 
samp'e holders 


10 pf to 0.020 mf 





method of compensation for 


kv. \pparatus for other voltames and 
frequencies can be supp'ied.-Leeds & 
Northrup Co., 4956 Stenton Ave., Phi 


ade Iphia, Penna 


Tank Regulator 


“Type M508 National 
Regulator” for coal- or 
stallations may be mounted on a verti 
or horizontal line of pipe, or on the hot 
water tank if 
self. 


Surface l 


coke-fired i 












dia 


con 


individual 
phragms, 
structed of Ad 
miralty bras 
(which is no 
heated or 
in the manufac 
turing 

thusr 
full resiliency 
the 


spur 


brass) 





“rreater sensi 


incorpor ited to provide 


tivity, more movement and more powel 


The regulator is regularly furnished com 
pete with one 3-lb. weight, : 
damper chain, “S” hooks and straps fo 
purposes. It is 
pipe and damper 

Div., 


Reaulator Co.. 


mounting 
with a section of 
National Requlator 
Honeywel 
Minn. 


M wie apolis 


Three 
“Metaphram” 


proce S35 


‘taining 


1714,” lever, 


avaiable a!lso 


Minne apolis 


r 








Multiple-orifice Rectangular Consider this when you have 
‘lowmeter for High Instruments GAS ANALYSIS PROBLEMS 


\ new line of miniature rectangular 


Pressures switchboard instruments « omprises fre 


quency meters, polyphase wattmeters 






multiple orifice flow-meter of the single-phase wattmeters, ammeters, volt 

ve type, suit ible for measuring a meters, etc. Mount is flush in round hole The Engelhard 
range of flow-rates at pressures (342” diam.) Instrument flange projects Quartz 

200 to 600 Ibs./in.*, is announced : in front of panel. A-c. instruments 


ean be supptied with illuminated dials Protected Platinum 
Front of instrument has fu'l open fac Spiral 
tor easil\ re iding scale, whit IS ver Gas Analysis Cell * 


Oden. a period of several years one 


parts subjected to stress are said to 
nusually strung, and the front of 
instrument is protected by i he iv\ 
ter-proot g.ass p.ate By loosening 
yy iskets of the orifice Pp ate, 1t m i\ 
evulved so as to use any of four dif 


sizes of orifice, according to the 


tity of fluid being measured. The einai dcaen of the leading manufacturers in this 
ete unit is stated to consist of ~ahe os country has ordered 400 gas inalysis 


pre ssure manometer, multiple orice cells and 100 recorders. Repeat busi 
te, connecting piping, bypass valve, 


ness from this satisfied customer 





rench and cleaning brush.—7/ : 

West bh CY means very definite results have been 
) ( mpa s 4 és th d 
: : 0 obtained. Let us consider your pas 
analysis problems. 
; $3), ong. Case dad fror ‘ f he 
an - olded menole I ter ins tea I , > 
sapieroa eae. creat a ; Send for Bulletin 

ccordance it L L.E.I specity ; 


for Stiffness Tester Seeet can hee: mpymes for the: cane DEPT. I 





mn opened ger cienlee gar Miglar Shen CHARLES ENGELHARD 
r" For measuring stiffness of sheet mute Llectrica lustrument eve / 
rer rials such as paper, textiles, plastics, Oyj, 
l r ther. ete nd of wires irns, 
a engaegg dngal agg hterte pens 90 Chestnut St. Newark, WN. J. 
stles, etce., by using special bolders 
i S é Sax ~ ift ess les eT es y - ; 
: es numeri salues of rigidity, sie’ Tegter Cabine : 
t ] ( 
le s *< stic reco ery na other meas ester a ts F } ‘ ] 
nd t r¢ les, us cing “stl ; 
ss intl ive Oasis R ) I I les : 
nd ’ D R ] nnounce ‘ - 
\ rhi¢ l t “M _ i) 
i | XE é S } S ( 








HELLIGE 
COMPARATORS 


Direction-finder Loop 


\ Simi fied tvpe ( snieided 
T { t 
)} ‘ : 
S SE es so 
n - ‘ 
S S ( t 








(la A 
\ guar g g TEXT 
\ aia ; 
) LITE g a 
MI 2 : kalis ar ik Hf 
“pel st CS, COMPARATORS lé€a ( r 

lr 4 ‘ \l + ‘ = t 

\} a are aD le i 

r | e 

s 
r r , t ‘ ‘ - 
\ 
f r rs r r r ‘ . Bu ‘\ 
9 For ¢ radi earings ( 
1 a ro E 4 L| G E 
) on 
flex = ¢ T < SOFT - _— 
- - TT ° 
€ Wy ea 3718 NORTHERN BLYD.. LONG ISLAND CITY, N. Y 
rn I ] Ne / 

















FROM BORDER TO BORDER 
FROM COAST TO COAST 


Read all about the 
Mercury Thermometer with the 


RED column! 


sts no more than plain mercury. 
Can be seen at great distance 
thre ugh steam, smoke, dust, etc. 
Be sure to ask for PALMER ''Red- 
Reading - Mercury Thermometers 
for guaranteed accuracy and se- 
ected glass 

New Thermometers as well as re- 
pairs to all makes.) 

Send your Trial Order today! 
Write for FREE catalog. 


THE PALMER COMPANY 


Manufacturer 
Industrial, Laboratory and All Types 
Thermometers 
2626 Clay St., Cincinnati, St. Bernard, Ohio 


anadian Factory: King & George Streets, Toronto 








Double Old Sensitivities 











use on iny frequency 


rf » the values on 


s m‘lliammeters 
er ‘ u SeNSITIVE meters 
‘( & D<« fluxmeters, electro 


ful scale 120 volts to 


Photo Electric Cells EFlectrocell 


RAWSON Electrical Instrument Co. 
CAMBRIDGE MASSACHUSETTS 
E 26th St New Yok 
w Randoiph St Chicago 











Testing Equipment for 
Watthour Meters 


testing the rotating 


standards hich are used in turn for 
calibrating ordinary meters. Equipment 
consist ot: l Master clock, wall type, 
vith motor-wound weight-driven Graham 
dead-beat escapement movement. Invar 
seconds-beat pendu um can be regu ited 
to maximum variation of LO) sees. per 


mont Seconds impulses ire obtained 


photoelectricallsy ”) Chassis mounted on 


top of master clock contains rectifier and 


unpiifier tubes, capacitors, ete (3) 
Bench control unit comprises impulse 
Opel ited mechanism, switches, ete., ind 
has two dials: left-hand sea'e being 50 
sec ind. right-hand completing revolu 
tion in 4998 sees. (100 divisions 50 


the tripping interval), enab'ing use of 


convenient procedure. Equipment may be 
furnished to ope rate from ac. or cde. 
Materials and workmanship are such that 
timing accuracy guarantee 1s 0.008) sec 

The Standard — Electrica Time Co. 


Springfield, Mass 


Spectrograph 


Designed for industrial research lab 
oratories, metallurgical companies and 
foundries (especially for routine spectro 


graphic chemical inalysis) ind tor col 








eges and universities desiring the flex- 


ibility of a grating instrument, this new 
concave grating spectrograph Is built 
iround a 3-meter, 15,000-line-to-the-inch, 
iluminum-surfaced§ diffraction grating 
Mounting is modified Eagle type with 


] 


il moving parts controlled from a panel 
which also contains slit assembly. Grat 
ing position, focus, and rack for posi 
ti ning spectra on plate ire set by rev 
olution counters. A control is also pro 
vided on panel for superimposing spec 
tra of different heights. Some features: 
1) Dispersion 5 A.U./mm. in first order 
vith ra ing concentrating approx. 80% 
of the incident light in that order; (2) 
| resolve Hg 5461 into its 
several components in the fourth order; 
3) Spectral limit 1900 A.U. in first 


order ultra-violet: (4) Ghosts, in gen 


Instrument wi 


eral, 1/500th of first-order spectra Plate 
ho'der, taking 4/7 10’7 p'ates or smaller, 
is inserted through a light-tight door 
in front panel when rack is at = zero, 
it which position dark-slide covers plate 
Im. As plate holder moves down for 


successive exposures, dark-slide remains 


fixed uncovering plate only as ¢ ich sue 

} 
cessive spectrum is. taken An interval 
timing clock, in door on panel, is con 


nected in a circuit with the shutter be 





hind the slit and a small pilot light 
the slit. Interval timer contains 
re 
trol the light source. Instrument 


long, 22’ wide and 20/7 high. P 





i\ which may be connected 


yptical system form one unit, ins 
from light-tight case. Each inst; 
Is set up in user’s laboratory anc 
( Uibrated by supplier Baird 


artes Palmer St Ccambridade 


Furnace Firing 
Reversal Timer 


Designed to contrel, on atime 
the firing of furnaces which are fire 


each end, such as soaking pits ind 
hearths, this new timer differs fron 
vious model 
ing Sanne pur 
(see lnstrur 
July 1937, 
177) in that it 
one dial having 
pre set point 
and one poi 
which moves 
ing timing oy 
tions. Each 
pointer is co 
trolled by L Se} 
ate knob and is 
for the desired 
ing time on 
end of the furr 
In illustration, right pointer is_ sl! 
set for 9 min. and left for 12 min. M 





imum range in instrument shown is 
min. This range can be changed to s 
conditions. Total firing cvcle oft fur 
is the sum of the two pointer readit 

in this case 21 min. Cam unit can 
irranged to operate each valve or dan 
er directly if desired, and, for this 
pose, can he equipped with iny require 
number of load circuits lufoma 
Temperature Control Co., 34 Bast 1 
St... Philadelphia, Pa 


Electric Valve 


Designed especially for the control 
water supply to air conditioners a1 
humidifiers, but 
suitable also for 
the control of 
gas, oil, steam, 
ind various li 
quids, new 
“Type H” sole 
noid valve em 
bodies a_ novel 
scheme for at 
taching BX ¢a 
ble: lower half 
of coil housing 
is empty, and 
illows wires to 
he pushed into 
this space ifter 
connections are 
made with the 
coil leads. Then 
the BX. sheath 
Is held in p! ice 
by the housing 
connector. 
\nother feature 
is absence of usual click of plunger wh 
valve opens or closes: plunger has a “con 
position tip” to close valve quietly ind uy 
per end of plunger travel is silenced by 


} 


rubber pad Supreme Electric Product 


Orp., Rocheste Pr. N. y. 











of 





sridge and Analyzer 


he Condenser Bridge and Analyzer 
esting resistors, paper dielectric and 
rolvtic condensers, etc., between 1 


nd 1 megohm, and 10 gwuf and 100 











utilizes an “electronic eye” as a bridge 

ince indicator, with a preamplifier 

ve ahead of the indicator and a gain 

trol in the preamplifier stage to al 

( ) idjustment of balance sensitivity. 
te \nother feature is linear graduation of 
in control dial (100 even divisions). 

ffective scale length (5 ranges) is 70”. 

tange extension is effected by means of 

O decade multiplier switch. All controls 
Equipment includes 
for operation 
tubes as 


re direct-reading. 
built-in power supply 
om 110-volt 60-eyele supply; 
( lows: 6G6, 6C6, OLA, and special neon 
dicator tube. Tobe 
Mass. 


Deutschmann 
Dp Canton, 


Five-inch Oscillograph 
Said to incorporate “the best features 
olved so far in this art,” “Type 168” 

portable cathode-ray oscillograph em 


ovs a 5-inech sharp-focus tube with 





screen W hich, 
unplification, 


fluorescent 


high-intensity 
together with 
permits of daylight observation as well 


is photographing. A switch permits the 


idequ ite 


vertical plates to be used direct or with 


one stage of unplification or with vo 
stages. High input impedance for hori 
ontal and vertical plates does not dis 


turb the majority of circuits usually in 
estigated. Gain with single stage is 79, 
nd 450 with two stages. Horizontal an 
plifier, a single Stave used either for ex 
unplify the internal 
inear sweep, has a vain of 50. There is 
no undesirable interaction between ver- 
horizont 


tical nd unplifier circuits 


Sweep circuit has i 


! frequency range 


from 15 to 30,000 eveles. By means of 





new S eep-expanding imipilifier t 


complex wave studies, sweep may 


spread sufficiently to observe wave 

to one megacvele. Pattern size may ( 
iltered without upsetting In ar 
frequencies involved Ihe isual returil 
race is eliminated by employment. of 
television-apparatus principle. Positi 
ing controls center the patter: \ ore 
movable calibrated seale permits ace 
rate determinations rhe Instrument 


operates on the usual L15-volt 60-evele 
supply. It draws 50 watts Lie B 
DuMont Laboratories, Inc., Upper M 

( lair N B 


Thermostats 


“N tional He met Sealed” the rmiostats 
have been redesigned along the lines of 
other Minneapolis- Honeywell thermostats 
This also affects the “National” line of 
room type humid 
ity controllers. All ” 
moving parts op 
erate in a_ sealed 


chamber, excluding ke 


aEeet, chemicals, } 
+ + 


chalk dust, ete 


' 
ind preventing dis | 
turbing mechanism } 
by pushing L pen qt 


cil or other object 
through 
in case National's 


openings 


thermostatic ele 
ment of 


has been retained 








Overall size has j 

been ure itly re ( 

duced, but adjust F = 

ment features of 

pre vious mode re ~ 

remain The thermometer has beer re 


cessed for protection. Temperature range 
g from 35-82° F. to 46 


ge F National Regula r Diz } 


has been change 5 


Line Noise Analyzer 


“Aerovox Line Noise Analyzer” con 


prises various forms of filters throwr 


into circuit bv a selector switch, together 


with attachment cords, plugs and con 





nectors Different filter rrange! 

ire tried out ty rotating tive SCTCE 

switch; Ise rious ¢ ( 

rrounds. When noise is reduced 

miu é ] es Tie s ( 

tvpe te f ( g F re 

set Cords os é R 

into con ( ( s 
lero } 1 } N 

B \ ) 





PORTABLE 


WHEATSTONE BRIDGE 





RUBICON COMPANY 


Electrical Instrument Makers 


29 North 6th St. Philadelphia, Pa 





See it at 
Atlantic City! 


NEW OPTICAL MEASURING «\ccem in ac 


tual demonstration—a quicker, sim- 
pler, more accurate way of checking 
small work against variation from 
standard. 


WITH YOUR OWN EYES, « e how this new 


production microscope emp'oys { 
“Intermediate Image’ to enable you 
to compare small parts with the orig 
inal master part—not a drawing, but 
an actual piece—super-imposing one 
image upon the other 
making easy the instant detection of 
any slightest departure from stand 


magnified 


; 


ard. The ease with which this is done 


is a revelation to all who inspect the 
machine. 

SEE other optucal measuring instruments, 
of latest improved type with all the 


new refinements 


SEE the line ot Ger scnerr t s tha s 
enabling new high producti i 
many important shops 

e 
It vou are isiting the Meta 


Show at Atlantic ( write BA 
details and catalogs particu'arl 
the new line t tical measur * 


instruments today 


GEORGE SCHERR CO 


120 Lafayette Street, New York, N. Y. 





INSTRUMENTS 


(det er 103 t’ Z. 














FLAME-OTROL 
Protects Gas Fired Equipment 
Against Explosion 


! ib Ope iting cond 

nd 

ly dai ul 

nd « dient ad 

COMPLETELY APPROVED ANI 

rl » BY ASSOCLTLATED FAC 

rORY MUTUAI 

Bulletin No. 1101 PRICE 
Sent on Request $65 


WHEELCO INSTRUMENTS CO. 


1933 SO. HALSTED STREET, CHICAGO, ILL. 

















DISTANT READING 
RESISTANCE TYPE 
THERMOMETERS 


ILLINOIS TESTING 
LABORATORIES, Inc 
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Sound Apparatus 


\ new line of P-A and sound re 
enforcement equipment includes among 
other technical developments: (1) A re 
mote electric mixer (Fig. 1) with which 





Fig. 1 


the operator may control volume from a 
strategic position in an auditorium = or 
other gathering place instead of at the 
umplifier behind the scenes where inputs 
frequently are mixed by sheer guesswork 
Unit measures 314” ui” Ss ind 
weighs 2 Ibs., has two controls or more 
Ss specified (2) P-A system PG-111 
especially suited for small auditoriums, 


bus terminals, ete., has a frequency re 
sponse of 90 to 10,000 cycles, +2? db, 
weighs 25 Ibs. (3) PG-112 is a 12-watt 
port ible sound system for iudiences up 
to 2000 persons. Its amplifier can operate 
either from a 110-volt a-c. source or from 
1 6-volt storage battery in conjunction 
with a dynamotor, makes the system suit 
ible for mobile ipplications. (4) New 6 
watt amplifier is a compact unit espe 
cially idapted for paging systems, call 
service, etc., measures about 10” <8 
7”, weighs $8 Ibs., has a flat frequency 
response of 90 to 10,000 cycles, within 
2 db, overall gain of 110 db and util 
izes a 61.6 beam power output tube. (5) 
In new 12-watt amplifier, electronic mix 
ing of a new type permits ditferent in 
puts to be mixed in one tube without 
modulation distortion. Other features are 
112-db beam power tubes for high out 
put at low distortion, tone control and 
phonograph jack; and both low and high 





Hnpedane inputs, { ich separately con 
trolled. All controls are handily placed 
on a_ sloping control board Ope rable 
from storage battery and dynamotor, or 
110-volt a-c. Dimensions 1414” & 814 

8 (6) New 24watt amplifier (Fig. 2) 
is said to incorporate advanced circuit 
design and to be extremely flexible in 
operation. With it, RCA’s new remote 
electric mixing unit (1) may be used. It 
utilizes metal tubes in all stages, beam 
power output tubes, with reverse feed 
back circuit, automatic bass compensa 
tion, shielded input transformers for 
each cushion-mounted pre-amplifier, in 
put mixing facilities for two or four 
positions, speech music switeh, continu 
ously variable tone control and a_ pilot 


lamp. There are two microphone pre 





unplifiers with microphone input 
(7) Finally, a new 50-watt Class 
umplifier (Fig. 3) with built-in exp 
ind suppressor circuits to enhance 1 
cal reproduction and prevent  b! 
ind overloading in large-scale P-A 
sound re-enforcement  installatior 
consists of two units: A voltage amy 
(foreground of Fig. 3) which is of 
high-gain type, incorporates newly 
signed high-level mixing circuits, 
drive from one to eight power ampti 
ind—since it uses metal tubes—ear 
operated by the Fig. 1 remote ele 
mixer. Space is provided for adding 
signal mixing units in addition to 
two included in the specifications. | 
frequencies can be cut out for com) 
sating between speech and music pict 
Suppressor circuits hold volume const 
as long as the speaker stays in ni 
vicinity of the microphone. The po 
unptifier (background, Fig. 3) utii 
four beam power tubes ill operated 


conservative ratings — for obtaining hi 





power low-distortion output. \ high-fre 
quency tone control gives up to 2b d 
cut at 10,000 cvcles, while degenerative 
circuits have been applied to the drive 
to provide low distortion and effective 
loudspeaker dampening to the ext 

that the output may be varied from ful 
load to a single loudspeaker with only 

20% rise in output voltage ROA Mf 

Co... Camde) a 


Carbon Resistors 


Carbon resistors in Bakelite molde« 


jackets with color-coding lacquer stripe 


ind 2/7 pigtail leads of tinned copper 


ire available in watt and l-watt rat 





ings, In resistance values from 100 ohms 


to 10 megohms. Tolerance += 10% for 
standard units, closer on special order 
lerovoa Corp., “)O Washinaton St 


Brooklun, N. J) 
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By IDRIS I. DAVIES 


Forest Products Laboratory, 


N order to measure and accurately the 
the 
“*Lorest Products Laboratory designed and developed 
portable 


in measuring the electrical resistance of wood and 


conveniently 


lectrical resistance of che mically seasoned wood 


instrument described here. In addition to its 


r hygroscopic materials, the instrument can be used 


neasure leakage resistance in cables and other elec 


if equipment, 


GENERAL DESCRIPTION OF CIRCUIT 


he a Wheatstone bridge cir 
t of the slide-wire variety combined with a vacuum 


The cir 


an a-c. operated power supply SYS 


instrument comprises 
be system for detection of bridge balance. 
iit also includes 


1. The instrument possesses sufficient sensitivity to 
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Fig. 1. Complete circuit of 


bridge, balance 


nake possible resistance measure 


nents over a range extending 


from less than 100 ohms to more 


than 200.000 megohms. 
Fig. 1 shows the complete circuit which may be bro 


<en down into the following three minor circuits: 


Mf i Ma \\ l 
Wis S 
Tt g ‘ I 
| st P s I 
t . ) ( ~ 
> Ww sis V 
+} +} 


indicator, 
and power supply system. 


of Agriculture 


. Wide-range Vacuum-tube Resistance Bridge 


(1) Lhe bride circuit, Composed of igh-resist ce cle 
Lr Ry, iny of the s naara es ( Rs tu lid-, 
sive, ind the resis nee 0 eing I 
Ke Lhe mrtions of the slick ire i ( Sic f P 
S.1diIng Cul ( l ( if ! ( ) ciure \ 
ne o Thre st ré | (i resis Rs RS l ‘ 
may be switched into e circul ( ad 
resis nce selector switch, torm ( ine I ( r 
<nown resistance beir The ed, Ry, f ‘ 

(2) The bridge-ba'ance indiecatir circuit ¢ G 
double-triode vacuum tube 7.7 n ad et ved resist 
ince Lo, a 1-0-1 milliammeter M, a grid-biasing resi ce 
R-, and grid bias adjusting potentiometer 2, 

3) The power supply svsten i duplicate of the svster 
used Im many 1-C radio receivers Consists of po er { 
former, full-wave vacuum-tube rectifier, filter choke, filter cor 
denser, and voltage divider R This } er supp.y system pro 
vides the necessary direct currents at thre proper voltages for 
operation of the bridge and bridge-balance indicating circuits 
ind supplies low voltage a.ternating current for heating 
the cathodes of the vacuum tube V7 nd for lighting the 
selective dial lamps 

CIRCUIT OPERATION 
Lhe bridge-balance indicator circuit 
Fig. 2) is in itself a bridge circuit. ‘wo 
arms of the bridge are formed by the por 
tions of resistance R on either side of its 
- ry’ ! 
adjustable point. The other two arms are 
formed by the plate to-cathode resistance 
. : 
of the two halves of the double triode vac 
uum tube. These plate to-eathode resist 
ances are repres¢ nted by RP ind P.. 
° ° ~ 
4 
; 4 
* 
. 
7¢ a 4 
’ wn 
+ d AAAS a r 
‘ lL & WER 
e Z 4 Wy d oR; 4 
- a wd ¥ > > 4 
> ws > + 
> a bn a? ‘ s 
Ry ye G, 4 “to © G2 ; 
eo sr 
2 v ki + 
; c , 
< —“~o-€ r 
06 “ts 26 r 
i? ’ 
_ = — — « > = ~ 
Fig. 2. Bridge 
and balance in- 
dicator circuit. i il I M iS 
nr | n t il 
DOS mint = ridg 
cult Insofar as the ion Of the va ~ 
' ) 
cerned in this circuit, RP, and RP two varia 
resistances the values ot which i! d r co 
negative charge on their associated grids 

When the grids G, and G, art 1 at the sa voltag 
ind ¢ jual voltages ire ipplied » the p es of 
um tube V’.7., RP, and RP, will have the same va 

ae , 
If, with RP, and IP, of like value, t idjusta poin 
on Fk. be moved to a position wher resistance rf 
R., on either side of this point is equal, the bridge which 
: . : 1 : 
forms the balance indicating circuit wil in lan 
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ind the n nn r MW will show no deflection. Slight 
differences n the electrical characteristics of the two 
halves of the vacuum tube can be compre nsated for by 
moving the adjustable contact on 2, to a position where 
t uometer shows no deflection when both grids 
v n the san negative potential It is necessary to 
ke t idjustment only when a new vacuum tube is 
D In service 
I’) ridge-balance indicating circuit is connected to 
© power supply circuit at the adjustable point on R 
ind oat i lower end of R lhe full voltage of the 
“ supply system is applied across the balance-in 
licating circuit at these points ind the total amount of 
rent flowing in the plate circuits of the vacuum tube 
turned to the negative side of the circuit through 
in Re Chis flow of current through 
Ro results in a voltage drop across I. and 
gives the cathodes of the vacuum tube to 
“ is connected a positive value with 
spect to the negative side of the circuit. 
Grids G, and G., are connected to the main 


bridge circuit at points ¢ ind D. When the 
is in balance the voltage at these 
voints will be equal, therefore the voltage of 
the two grids will be equal and the milliam - 

ter will show no deflection. 

In order to measure resistances having ex : 
tremely high values, no current must flow 
from the grids to the cathodes of the vacuum 
tube. By maintaining the grids at the proper 
negative potential at all points of balance 
representing all settings of point C on th 
slide wire FR, a flow of grid current is pre 
vented. The grids are given a negative bias 
by holding their voltage at a value less pos 
itive than the value of the voltage drop across 
resistance 2.. The grids and the cathodes are 
positive with respect to the negative side of 
the circuit but because the positive voltage 
it the cathodes is higher than the positive 
oltage at the grids, the grids are negative 
to the cathodes by the difference between 
the values of these voltage s. 
If the grid bias voltage is once set at the proper value 
t will not vary by more than a negligible amount for any 
tting of point C on R, when the bridge circuit is 
balanced. The value of the negative bias on Grids G 


ind G, for any bridge balance point on the arbitrary 


sca if Ris shown in Fig. 3. Curve 4 represents the 
voltage between the cathodes and the negative side of 
the circuit or the voltage drop across R, for any balanced 
position of point C on R,. Curve B re presents the volt 
ig lifference between point © and the negative side 
ot t circuit for any balanced position of point C on 


li When a condition of bridge balance exists, the volt 
v between point D and the negative side of the cir 
be equal to the voltage between point © and 


the negative side of the circuit. therefore curve B ap 


plies to both grids G, and G.. Curve C, which represents 
the e of the negative bias on both grids. is equal 
to the difference between curve 1 and curve B at any 
balance point on the arbitrary scale of R,. 
The dyustable lerl resistance Ry serves as manual ad 
tryve ! wer the value of the bias volt ore 
1 the rid f the cuum tube. This adjustment permits 
change to be made in the sensitivitv of the balance indicat 
cre It can bye een that R, is connected between the 
positive sic oft tie power supply svsten ind the cathodes 
of the vacuu ube t their point of connection with R-. In 


iddition to the plate currents which return to the negative 


sic tT the circuit throug! R ' small mount of current is 


INSTRUMENTS 
Page “Hv Vol. 10 





drawn directly from the positive side of the power 
system and flows to the negative side of the circuit 
R, and R-; in series. This additional current increa 
voltage drop across Rk; and permits the negative bias 
grids of the vacuum tube to be of the proper value 
R- having a large resistance value. 

By adjusting Ry, to a lower resistance value the 
drop across Rk; can be raised, thus increasing the bias 
on grids G, and Gy and decreasing the sensitivity of tl 


ince indicating circuit. If Rs; be decreased to its mi) 
value, the negative grid bias would be raised to the “< 
point and the circuit would be inoperative. With R- ad 


to its maximum value the negative grid bias will be 


minimum value and the circuit will be in its most s 
ope rating condition 

The vacuum-tube bridge-balance indicator desi 
here, unlike most bridge-balance indicating syst 


automatically increases its sensitivity as the balan 


~ ~ 
* ~ 
a “a 
3 Ne 
eee 
om a 
_ ~ 
—_— — 
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~~ 
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Fig. 3. Curves showing relationship of cathode 
and grid voltages to negative grid bias. 


null point is approached. Moreover, when condition 
extreme unbalance exist, only a predetermined maxim 
deflection of the milliammeter can take place. 

To explain the manner in which the balance-indi 
ing circuit automatically increases its sensitivity as 
null point is approached and decreases its sensitivity 
the degree of unbalance is increased, it is assumed t] 
the circuil is in a balanced condition. In this conditi 
the positive voltage of both grids with respect to t 
negative side of the circuit are equal and the grids 
negatively biased with respect to their associated cat 


he same amount. The plate currents in 


ode S by 
plate circuits are equal and there is no flow of curre? 
through the milliammeter M. If the bridge is intentior 
ally unbalanced by moving point C on R, toward 

0 end of its arbitrary scale the following current a 
voltage changes take place in the circuit. The voltas 


at point C and the voltage at G, will become more p 


itive with respect to the negative side of the circuit ar 
less negative with respect to its associated cathode, meat 
ing a decrease in the negative bias on Gi. The plat 
current in the plate circuit, which is under control 

G1, will increase as a result of the decrease in negati' 
in plate current in the plate cir 

the curre! 


bias. The increas¢ 
which is under control of G,, will increas 
flow through FR. and increase the voltage drop across fh 


Owing to the increase in voltage drop across R, the neg 
itive bias on G, will be raised, since the positive val 


of G, has not been changed by this slight unbalancs 





he { 
uit. 


hod 








' dge circuit. Grid G. will become more negative 
spect to its associated cathode because of the in 
of the positive value of the cathode with respect 
t negative side of the circuit. The plate current in 
ite circuit, which is under control of G.. will de 
?, because of the increase in negative bias on G 
| ‘idge formed by the two plate circuits of the vac 
ibe and the portions of R, on either side of its 
ible point is now unbalanced and a difference in 
ial exists on either side of it at the points to which 
lliammeter .W is connected. The milliammeter 
; how a deflection, indicating that the outer bridge 


is unbalanced. 


ARBITRARY CALIBRATION OF R 


Fig. 4. Curve used in calibrating the slide-wire dial. 


If the unbalancing of the bridge is continued in thi 
same direction, it may be seen that the value of the neg 
itive bias of G, will increase until the cut-off point is 
reached, and no current will flow in its associated plate 
circuit. G, will become less negative with respect to its 
cathode until it has a positive bias permitting maximum 
plate current, limited in value by R., to flow in its asso 
ciated plate circuit. Any further unbalancing of the 
bridge circuit will not increase the deflection of milliam 

ter M, because maximum current is already flowing 
in the plate circuit associated with G, and no current is 
flowing in the plate circuit associated with G 
If the condition of unbalance in the bridge circuit is 
ught about by moving point C away from its balance 
point, in a direction toward the negative end of R,, the 

lion as just described will occur in the reverse orde r 

d the milliammeter will deflect in the opposite dire 

mn. 

From the foregoing explanation it may be seen that 

circuit has its maximum sensitivity at the balance 
int of the bridge cireuit to which it is connected. 
wing to its decrease in sensitivity with an increase in 


degree of bridge unbalance, it is not possible to 





damage the balance indicator even though the bridg: 
which it is connected is adjusted to the point of max 
imum unbalance. 

The sensitivity of the vacuum-tube bridge-balance in 
dicator does not decrease when the values of the standard 
resistance and the unknown resistance used in the bridge 
circuit are increased. ‘This is because the cireuit is volt 
age-operated and does not require a flow of current be 
tween its points of connection with the bridge circuit 
The voltages measured between thes« points and the neg 
ative side of the circuit are independent of the value ot 
the standard and unknown resistances, provided that no 


current is permitted to flow away from these points 


CALIBRATION OF THLE HIGH RESISTANC! 


SLIDE WIRE DIAI 


j ; 
iT Daa oO 


‘lo enable direct. re idings to 
the value of the resistance being measured 
the dial of the high-resistance slide wire was 
provided with a se parate calibrated scale fon 
each of the standard resistances contained in 
the instrument. To avoid the necessity of 
having to caleulate the value of the unknown 
resistance represented by each of the points 
on the arbitrary seale in combination wit! 
each of the standard resistances, the calibra 


tion curve shown in Fig. 4 was drawn 


The horizontal scale of Fig. 4 represents 
the arbitrary calibration of the slide-wirt 
dial and the vertical seale is a seale of mul 
tipliers. The value of the unknown resistance 
for any setting of the slide-wire dial, is equal 
to the product of the standard resistance used 
in the bridge circuit and the multiplier con 


responding to the slide-wire dial setting, on 


| tlie arbitrary scale. 

v It may be seen that the calibration curve 
Y tapers off quite rapidly near its ends, tend 
: Ing’ to produce a crowded condition of the 

: calibration points. This condition can be cor 
i 


rected to a large extent by using a slide wir 
with the proper resistance taper near its ends, 
or one that shows a constant decre ise In re 
sistance per unit length from its mid pom 
toward its ends 


SPECIAL CONSIDERATIONS 


By selecting the proper material for mounting and 
insulating the various parts which make up the instru 
ment. circuit leakage can be reduced to a value whiel 
is negligible at all places in the circuit except one. This 
place Is within the vacuum tubs itself, where le ikage 
takes place between the cathodes and the orids. This 


| ] 
cathode to grid | ikage, In effect. actS as a shunt re 


sistance in series with R-. around the unknown resis 


ance Rt Fig. | 


For any one vacuum tube, the value of the above men 
tioned shunt resistance will be constant when the vac 
tum tube has attained a constant temperature and it can 
be treated as an external shunt resistance of constant 
value when the seale associated with the high standard 
resistance 1s calibrated. 

The slight leakage that takes place within th TT 


uum tube does not introduce an appreciable error when 
a standard resistance of 100 megohms or lower is used 


but when a standard resistance of 100,000 megolims i 


ised the effect of this le ikage is to reduce the maximun 
high-resistance measuring range of the instrument. te 


approximately 225,000 megohms 
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Fig. 5. The bridge asit Fig. 6. Rear view of panel, ae q/ whe 
appears when installed showing method of mounting i ax ; . 
in its carrying case. the high standard resistance. 





Paln 

S } 

\ slight change in the design of the vacuum tube with position and approximately 1 minute allowed for BCU) 
respect to the method of mounting the various elements cathode of the vacuum tube in the bridge-balance ind ba 
would greatly decrease the effect of this leakage and cating circuit to come up to temperature. The resistar ne 
bring about a corresponding increase in the high re of unknown value should not be connected to the instr is 

sistance measuring range. ment until after the slide-wire dial has been turned rea 
the way to its high-resistance end. With the dial in this me 

OPERATION position, the pointer of the milliammeter should rest Bs a 

a ee a: s tes 

[he completed instrument, designed for 110 volt a-c. 0 in the cent r of its scale, indicating that the cireui es 
operation ind installed m a metal carrying CASE for the eta te rly adjusted site apres: if the milliamm . ) iS 
purpose of shielding, is shown in Fig. 5. It weighs less shows a deflection, the small knob for adjusting the g ( thod 
than twenty pounds. bias must be turned to a position which causes the eee 


T y refi, 1 Font} The ap ; 
he various knobs and othe r parts locate d on the liamine ter to return to zero de fle ction. he circuit is now torn 4 


panel serve the following purposes: ready for use and the resistance to be measured may er 
Phe large knob in the lower left corner operates the connected to the terminals provided for that purpos = th 
standard-resistance selector switch and is used to chang When the unknown resistance is connected into th e opi 
the resistance-measuring range of the instrument. The circuit, the milliammeter will deflect away from its zero hief ré 
other large knob in the lower right corner operates thi position. The circuit is brought to balance by turning | properl 
ilibrated high-resistance slide wire, the dial of which slide-wire dial until the milliammeter again comes t wer th 
may be seen behind the window in the upper right corner. rest at zero. The value of the unknown resistance ca! eran 
[his dial carries a separate calibrated scale for each of now be read directly from the dial: the correct seal luced } 
he standard resistances. When any one of the standard read being the only one illuminated. test mat 
esistances is switched into the bridge circuit a small dial 
ump located behind the proper scale is |] ohted. COR Cavemen 
ach ca'ibrated scale has its own dial lamp which is lighted De veloped at the Forest Products Laboratory in Some 
v when that standard resistance with which the calibrated nection with researches on the chemical seasoning t test 
cale is associated, is switched into the bridge circuit. This . 1 . ; ie 
em serves the purpose of iluminating the various scales wood, the instran or oas proved successful in measuring panes 
1 e’iminates errors which would result from reading the the electrical resistance of wood and other hv gros ice DN 
scale materials with a degree of rapidity and accuracy rresp 
rhe small knob, seen to the left of the large knob used common to most moisture meters. The instrument nains u 
o operate the slide-wire dial, is used to make small ad doubt can also be used successfully to measure leak ei 
= ustme nts in the value of the grid bias of the vacuum resistance in cables and other electrical equipment. ett | 
tube in the bridge-balance indicator circuit. The a-e. The vaecuum-tube bridge-balance indicator inco “ 
power switch and power cord are located at the forward rated in the circuit can with slight modifications be ' = 
side of the panel. The milliammeter in the upper left as a vacuum-tube voltmeter, capable of measuring an Ma ‘7 
corner indicates when the bridge is brought to balance. usually wide range of voltages without drawing curt Ry all 
Che binding posts by which the resistance to be meas from the voltage source. | ) 
ired is connected into the bridge circuit are located to The instrument is not in commercial production Sch 
the right of the slide-wire dial window. Fig. 6 shows the patent covering the complete instrument and its use \ 5 
manner in which the high standard resistance is mounted, resistance bridge and moisture meter has been applied ol 
is well as the locations of various other parts. and is now pending action by the Patent Office. Sho ¥ 
lo make a resistance measurement the power cord the patent be granted it will be dedicated to the free 
should be connected to a 110-volt 60-cycle a-c. supply of the people of the United States since the instrun : 
system. The power switch should be moved to the ‘‘on” has been developed in a Federal research laboratory 
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Recent Scratch Hardness Methods 


Tenth instalment of ‘‘Hardness and Hardness Measurements See page 1. Jan. 193 


By S. R. WILLIAMS 


Professor of Physics, Amherst College 


EEFECT OF SURFACE CONDITION Brinell number did not exceed 600, the number was 


ther factor which entered to give variation to the approximately proportional to the inverse cube of the 








rs (loads) obtained for hardness on the various 


ninerals was the degree of polish of the surface. A 
smovth surface on a polished section could be scratched 
more easily than a not-so-smooth surface of the same 
nincral. ‘Lhis was particularly noticeable in the case of 
pv Schneiderhohn® has suggested that this is pos 
sibly due to the development of an amorphous slip-film 


ir smeared coating, due to the process of polishing, and 
which may wholly or in part conceal the property of the 
inderlying structure. One would naturally wonder 
whether these seratched measurements on polished sur 
faces were due to the hardness of the slip-film or to that 
of the mineral. 

Palmage checked on this point and came to the con 

ision that the ease of scratching is to some extent a 
function of the smoothness of the surface. Schneider 
in was of the opinion that the slip-film did not pro 
duce any effects on the hardness number. Both of thes« 
ven worked with minerals, which still leaves open the 
juestion of the surtace film produced on metals by pol 
shing. We do know that the polished surface of a metal 
in set up enormous stresses. May not these affect hard 

Ss testing? 

Out of the foregoing discussion emerges an old ques 
tion as to whether the seratch method is an abrasion 
hod or a moving indentation process. In the seratch 
rocess, as described, are portions of the test substance 
torn (abraded) from the body by the diamond edge or 
s the track left by the diamond edge wholly dependent 
ipon the plastic flow of the test piece ? Hankins” is of 
he opinion that in the older methods, abrasion was the 
hief result of a scratch test. but with the advent of 
properly designed diamond edges, a track of the edg: 
wer the surface of the body could be thought of as a 
permanent deformation in which the distortion is pro 
lueed by flow under pressure and no particles of the 


+ 


est material are torn away. 


RELATIONS BETWEEN DIFFERENT METHODS 


Some years ago Stanton’ defined an abrasion test as 
i test in which the particles of the material whos: 
hardness is to be determined are torn away from its sur 
face by sliding contact with some other substance whos« 
orresponding resistance is so high that its surface re 


uains unimpaired by the action.” It is in this sense of 


he word abrasion that the trace of a diamond edge may 
left on a brittle body. If one draws the edge of a 
knife along the surface of a mass of moist clay the 


(ra left is decidedly one of plastic flow. 


From tests on a large variety of steels Hadfield and 
Main** showed that an empirical relation existed between 
Brinell numbers and scratch widths. namely, that if the 





Schneiderhoht Ay tung ir Mikroskopischen Bestimr 
ichung von Erzen, 1922, pages 59, 65, 111 and 118. 
\. Hankin. A Synopsis of the Present State of Knowledge of th 
ss and Abrasion Testing of Metals with Special Referer to th 
one ng th Period, 1917-1927, and a_ Bibli I 
li n of Mechan‘ca ngineers, Vol. 1, M 
Disc , pages 374-387. See also Engineering, April 27, 
r. E. Stanton and R. G. Bats« ) Ha 1ess Tests Res In R 
f Hardness Tests Research Committee. Proceedi» , 
Engineers, 1916, pages 678-723 


scratch width. 
established the 


Hankins more or 


following equation 


less confirmed this and 


Load on diamond p 


Width of scratch q 


Scratch Hardne SS 

where p and g are small constants depending on thi 
shape of the diamond. If p and q are neglected, the 
above equation takes on the form of a stress and sinc 
the Brinell number also has the dimensions of a stress. 
the inverse cubic relation between the Brinell number 
and the seratch width makes it appear that the same 
props rties of a material are not being measured by the 
two methods. 

Hankins further suggests that inasmuch as the Brinell 
number is obtained from the spherical area of the ball 
indentation, a better comparison ot the seratch and ball 


tests could be made by plotting scratch width directly 
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Fig. 55. Comparison of Brinell impression diameter with 


5 
scratch width. 


igainst diameters of the ball Impressions. Fig. 55 shows 


such relationships as worked out by Hankins and sup 
ports the contention that the scratch tests are mere ly 
particular applications of the indentation tests. Hankins 
believes that the deviations shown in Fig. 55 for hard 
substances are due to definite changes in the general 
character of the ball test when flattening of the ball 


oceurs, 
OTHER SCLEROMETERS 


O'Neill has deve lope d a sclerometer in which the 
diamond edge has been replaced by a 1 steel ball 
This instrument was devised for the express purpose of 
studying directional hardness in single metallic crystals 
For this purpose it seems to have worked satisfactorily 
as well as in testing the hardness of thin electro-deposits 


which are not above 400 Brinell. Still more serviceable 
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Fig. 56. The O'Neill scratch instrument in which a small steel 


ball is used for the point. 


was a diamond ball. 0.5 mm. in diameter, as the scratel 


i 
ng point. Fig. 56 shows the finished instrument. “The 
rometer consists of a frame upon which is fixed a 
must graduated mechanical stage inclined at 7 to the 
wrizontal. The specimen is secured to the stage by 


O'Neill, in the description of his 


ipparatus, Shows some ball scratches passing the bound 


lamps r wedges. 


irvy. between two erystals and under the magnification 


viven 160) they appear to give a clean cut edge to 
ae 

trace. Fig. 57 shows an application of O'Neill's ma 

hine to the measurement of hardness of materials at 


tigher than ordinary temperatures. As shown, the speci 
nen is ina bath of parathn at 200 C. O'Neill's instru 
nent is of interest because it combines the seratch and 
ndentation methods—the dynamic and static tests. The 
nain difference arises from the fact that equilibrium is 
not attained during the translatory motion of the mov 
ng ball. 

Hankins has also devised a sclerometer which is 
shown in Fig. 58. In this instrument he used special 
shaped diamond points in which the values of p and q in 
his equation given above could be varied. He has found 

of use in measuring the hardness of thin electro-de 
vosits, but its sensitiveness to the effect of cold work in 

tals is unknown. There is so much similarity among 


inv of these sclerometers that one ought to work with 


ill of them before being able to make comparisons. For 
ince, compare this instrument with the one devised 
vy Parsons Through correspondence and through con 
rsations, the ituthor has heard repre ated|y that the 
scratch method is not applicable to testing the varying 
leg f irdness developed by cold working. This 


i point of considerable interest. Why will 


4% the seratch method work on hardness developed by 
1 working? The author has felt for some time that 
ite] ethod needs considerable investigation be 
or n sav how valuable the method is for general 
I iv work quite satisfactorily in minerals, 
1 another for f sclerometer mav work advantage 
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Fig. 57. O’Neill’s sclerometer used in testing hardnes 
different degrees of temperature. 



































Fig. 58. Hankin’s sclerometer. 


\s a general problem the author has under 
comparison of two sclerometers, one in which the 
measured which gives a constant scratch widt] 
another in which the width of seratch is a meas 
hardness under the condition of a constant load. ‘|| 
two instruments are being tested on substances, ti 
with, which are neither minerals nor metals and the 
may then be extended to both of these classes of 
rials. The investigation will be continued in a stud 
the minutiae of the traces left by the diamond edg 
all classes of matter to see whether abrasion or p 
flow has occurred. The hardness of cold worked ma 
will also be studied by means of these two method 
cause hardness by cold working, as the author has 
does not appear measurable by magnetic metho 
comparison will be made of the speed with which 
two types of instruments can be used. Short, 
ferring to ‘Talmage’s sclerometer says that his ey 
ence with the instrument indicated that it required 
15 minutes to make a reliable hardness test. Su 
instrument could hardly be used in quantity prodi 
Inspection. 

Undoubtedly there are conditions where the s 
method is practically the only one available. 
example may be cited the variation in hardness 
crosses the boundary from one small crystal to 
in a polyerystalline structure. The two instruments 
have been selected for this study are the insti 
shown in Fig. 51 and the microcharacter devis 
Bierbaum which will be discussed with consid 


detail in the next section. 
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ommercial Cathode-ray Tubes 


By RALPH R. BATCHER 


Radio engineer; cathode-ray and electronic application specialist, Hollis, L. 1, N. ¥ 





CHARACTERISTICS OF CATHODE-RAY TUBES 
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INSTRUMENTATION FORUM | prmsis to iie ating 


pink color due to formalde! 


PROBLEMS — SOLUTIONS — DISCUSSIONS _ present in the atmosphere. 1 





connected to an amp/‘ifier, and 
pifier in turn actuates relay 





AUGUST PROBLEM (No. 10) 
FORMALDEHYDE GAS DETECTOR 


Large chemical laboratories are interest- 
ed in “the continuous testing of atmos- 
pheric air to discover the presence of 
toxic or harmful amounts of formaldehyde 
gas. The device should actuate an alarm 
whenever the determ:ned [mit is exceed- 
ed. It would also be desirable to record 
continuously the amount of formaldehyde 


present.” 


SS PRIZE SOLUTION 


By WILLIAM WEBER 
PHILADELPHIA, PA 


Lhe formaldehyde gas detector herein 
yroposed is simple in construction and 
he chemical solution used to show the 
rresence Of formaldehyde in the at 


here is well known to chemists. This 
ition, Sehiff’s Fuchsin Aldehyde Re 
ent, can be bought on the open mar 
et in containers already made up. If 
the inquirer desires to make his own, 


its formuia for preparation is as fol 


“Dissolve 0.5 g. of pure Fuchsin (pro 
iniline hydrochloride) in 500ml. of dis 
tilled water, and filter solution. Saturate 
0m. of distilled water with sulphur 
dioxide gas, mix thoroughly with filtered 
fuchsin solution and allow to stand over 
night. This produces a practically color 
ess and very sensitive reagent. When 
the atmosphere passed through this so 
lution contains a small content of for 
maldehyde gas the solution will turn a 
deep pink to a red in color.” 

The strength of the reagent wiil de 
pend on how much formaldehyde it must 
react with before turning color. If made 
is directed, it will be sensitive to a non 
toxic concentration in the atmosphere. 

[he analysis tube, bottle or column 
contains the reagent. A continuous sam 
ple of the atmosphere is passed through 

e solution and when this sample con 


ins formaldehyde the solution turns 


\ small blower draws in the contin 

is. Ss mp'e, drives it to the inalysis 
bottle and forces it through the solution 
The valve located below the reagent sup 
Iv bottle controls the flow of reagent 
into the analysis bottle. Water may be 
orced into the analysis bottle to flush 
it out ifter sore reagent has been 
urned color. Drains are provided to 
lrain off the reagent after it has been 
discolored, and to drain off the solution 
that gets into the air sampling tube 


when the bottle is initially filled with the 


Operation is as follows: In the morn 

when the operators come in, the 
tle is cleaned Dy vigorous flushing, 
fter which the water supply valve is 
urned off, the water drained out of the 


bottle and both drain-off valves closed 


The reagent valve is then opened ind 
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which will sound off alarms, st 


the reagent allowed to flow in. (It should ition fans, and start also a « 
cover the nozzle of the analysis bottle timer (driven by a spring-wou 
l rood three inches. ) The \ lve is shut or by l small electric motor 
off. The blower is. started. Throughout closes a series of switches to 
the day the solution in the bottle is the valves In correct order, flu 
refilling the inalysis bottle | 


quencing device can so be « 


ices 14 ; ; 
/ \ it that at the end of a few minuté 
! | | 








| Reagent oe -— stop the ventilating fans 
Supply ( Water Supply 
| )) et 
; Eprror’s) Nore—These auton 
\ ) a oe vices do not provide for rece 
ce oil Pre ge umount of formaldehyde gas presi 
C| rT | ; | San that Weber’s solution is incomp|« te 
| a= | Blower ords can be obtained in two way 
\_——— || (1) Analysis column with 
—, flowing continuously (no need of 
AN a i} ing) and photocell output conti 
BOTTLE Te vl | recorded. \ir-flow-reagent-floy 
. —~! | || must of course be constant I} 
| | be accomplished by having solutic 
eae by a positive pump driven positi 
nl | the same motor that drives the blo 
= (2) Use of a time-operation rec 
in circuit with timer or with vent 
fans: this kind of record may bi 
most desirable from the manageria 
point. Obvious shortcoming, howeve 
that recorder does not afford a 
on the efficiency of the automati 
glanced at; when it shows a definite dis vices: if these fail to work for 
coloration, large ventilating fans are that day will show perfect on the « 
started and the analyzer flushed out Another way “registering” 
The procedure discribed at the begin than “recording” simply consist 
ning of this paragraph is then repeated having the photocell operate an ord 
This analyzer can be made completely iumplifier so as to serve as a chi 
iutomatic is. follows: Magnetically dependability of the automatic devi 
operated valves can be installed instead An illumination recorder, a time-o 
of the hand type. A_ photo-electric cell ition recorder or a magnetic cour 
sensitive to blue, and a light source, are can be located in a_ remote office 
installed on opposite sides of the re idvantage in a large plant.] 
Problem No. 12 Subject Index 3.. 


RECORDING SURFACE PROFILE 


“In lithography from metal plates, the surface of the plate is ‘grained’ 
give a rough matte finish. Upon the characteristics of the grain depend th 
quality and press life of the plate. 

“Our present methods of measuring our results are microscopic and photo 
micrographic inspections. Only one quantitative method has been proposed 
spreading a known volume of a dye solution and measuring the area it covers 
An instrumental method is needed. 


“Thinking of the grained surface as more or less uniformly spaced hills anc 
valleys, maximum height about 0.0005” (comparable to a phonograph record) 


its profile might be measured by ‘playing’ an area with a needle, and measu 
ing the resulting pitch and volume to obtain frequency and amplitude (nun 
ber and height of the hil!:). A more direct method would be to pass a fi 
point over a straight line of given length, magnify the motion and record it « 
a chart. Possibly some optical method might be used although the surta: 
variations are large compared with light waves. 

“To be adopted, a method should involve the use of commercially availab 
instruments and—if possible—auxiliaries.” 


Five dollars will be paid for every solution (or critical discussion clearly poin 
ing the way to a solution) which is accepted for publication. Address Instr 
mentation Forum, 1121 Wolfendale St., Pittsburgh, Pa. Type double-space, « 
one side of paper. Draw diagram in black ink on separate sheet. Mail befo 
Nov. 15. Solutions and discussions accepted will appear in Dec. 1937 issu 
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&5 PRIZE DISCUSSION 
jy L. RICHARD LANKES 
~ ROCHESTER, N. Y. 


m dioxide meters of the contin 
ecording type are available on the 
This suggests the use of some 
f oven or cell through which the 
inated air might be brought and 
h the temperature wou!d be raised 
ntly to oxidize or burn the formal 
gas completely, leaving COs and 
vapor as the products of com 
n. This cou'd be accomplished by 
the gases over p!atinum wires 
1 e'ectrically to a more or less 
nt high temperature. In case fair 
1 percentages of formaldehyde gas 
he dealt with, it may be necessary 
pply extra air in order to com 
y oxidize the forma'dehyde. This 
1, of course, be fresh air brought 
m a source where the mixture of 
in it wou'd remain nearly constant. 
been brought through this cell, 
ises would now pass through the 
uring element of the COs meter 
whence they would be discharged 
eans of an exhaust fan. A eali 
n of the setup should be readily 
mp'ished by means of standard mix 
It should not be difficult to pro 
i set of contacts in conjunction with 
indicating element of the meter in 
er to actuate an alarm circuit when 
redetermined limit is reached 


$5 PRIZE DISCUSSION 
By W. H. WRIGHT 
WILMINGTON, DELAWARE 


The reaction between forma'dehvade 

1 sodium bisulfite might lend itselt 
to the solution of the problem. It wou!'d 
Ibably he necessary to prevent oxida- 
of the bisulfite in the presence 


itmospheric oxygen. This may be 
ible by the use of an oxidation in 
‘or such as brucine hydrochloride. A 
sodium bisulfite solution must be 
a 5Oml. solution of 0.001% 


7 


ed, G.. Wi, 
odium bisulfite would theoretically ab 
sorb the formaldehvde from two liters 
of 0.005% (by volume) gas. The end 
of the reaction is indicated by an in 
crease in pH value and in the presence 
f normal sodium sulfite a strongly al 
ka'ine reaction occurs, sufficient to de 
velop a pink color with phenolphthalein 
indicator. 

\ possible arrangement of apparatus 
for continuous detection or recording 
could be as follows:—A suitable device, 
electrically operated, by means of sole- 
noid valves, to receive a given quantity 
f standardized sodium bisulfite solution 
containing some normal sodium. sulfite 
ind indicator, then to start a cycle of 
tbsorption from a gas at a constant 
rate of flow, simultaneously, start the 
movement of a Warren motor driven 
pen across a chart, stop the movement 
f the pen photo-electrically or electro 
metrically when a color change occurs 

the adsorption device, return the pen 
to the zero setting, stop the absorption 

cle, discharge the contents of the ab 
sorption device, and restart the cycle. 
trip switch could be located at any 
sired point along the movement of the 

n for an alarm indication of exces 
ve formaldehyde in the gas being 

rubbed. This arrangement can be pat 
rned somewhat after the devices used 
» exhibit certain chemical reactions in 
ie museum of the Franklin Institute 
1 Philadelphia 
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The Mechanical Testing of Metals 
and Alloys. By P. Fie_p Foster. Pitman 
Publishing Corp New York, 1936. 
Cloth, 5% 814 inches, x + 267 pages, 


Price $3.75 

This is a concise treatment of stand 
ardized testing methods and machines 
With the necessary elementary theory 
Adherence to British usage impairs its 
American usefulness. There are certain 
Important omissions, among them dis 
cussions of modern hydraulic machines 
(only the Amsler is described); mod 


ern extensometers such us the Tucker 


man optical, Kenyon-LBurns wedge 
Templin-Selsyn motor, tir-xap ma 
netic, electrical resistance, and moderr 
dial gaze extensomete Microchar 
ter hardness and Meyer analysis of the 
Brinell test tensil impact and higt 
speed impuct ind there is no mentior 
of the work of Kuntze on cohesive 
strength nor of the mode n treatment 
ff notch-bend tests. Aside from tec] 
nological tests whict ire not treated 
in sufficient detail to fill the needs of 
most Inspectors, the material covered 
has been fairl vell handled though 
there is hardly 1 section whicl \ 
Sit 2sf\y Thre eX ct nme Test ne enLgerinee 
The place of the book would seem ti 
b in the librar f the \ ing it 
specte ind sl 1 erve his need f 
simple introd tior Oo the subje 
M. G 
f ” 
( )-B- 


electrical Measurements — Precise 
Comparisons of Standards and Abso- 
lute Determination of the Units. 7: 


Harvey | Curtis. (International Seri 
in Physics) McGraw-Hill Book Co 
New York, 1937. Cloth, 6% 9 incl 
X1\ 302 pages. Trice $4.00 

In order to « nve i true rnifieance 
of the scope of this book it 1 neces 
sary to consider th subtitle bv the 
author's definition ‘Absolute electrical 
measurements comprise those measure 
ments in which an electrical quant 
is determined in tert of two « n 
other physical quantitic rl e enti 
ties may be electrical, mechanic ma 
netic or thermal, or combin:tions th: re 
of. Hence the attention lavished on the 
precise determir tion of leneth ma 
time force energy ind po ce 
parable with that given t t se ma 
nitudes which are recognized as esser 
tially clectri d their fundamental 


determination is treated in detail con 
sistent with that of current. potentia 


ind resistance. Thus, a cursory pers 
of the book might lead to the be'ief 
that it might well have been entitled 
without further qualification “Funda 
mental Standards of Measurement 
The body of the work involves t 

caleulation, design and construction of 
both absolute and workine standards 
of resistance, voltage current enpac 
tance and inductance torether with 
methods of comparing and combinin 


these standards. One chapter is devoted 
to the determination of the rati« vé 
tween the electrostatic and electromag 
netic systems of units A chapter on 
the history of the electrical units pre 
sents a number of interesting frcts 
little known to the lectrical fraternity 
pointing out, for instance, how loca 
disturbances of the earth’s marneti« 
field due to modern power development 
and traction systems have rendered ob 


sete certain standardization methods 
which at one time were considered a 
possessing precision of the hichest 
order 

The keynote f the work is con pre 
hended in the one word “pre 3¢’ ind 
the whole treatment is premised on the 
issumptior that in accuracy rf one 
part in a mill n d irab n eve! 
tvpe of measurement This s teevert 
tronomical precision is, of cours: fal 
bevond the requ ements of an’ nd 
trial or commer | measurement brit 
n the ‘ f the l der? 

nd n tne tat hment of h) \ 1 

ef th elect? ] nit very da nn 
signifi nt d f mate I n i 
welcomed 

The text Ss ¢ icidated where nec 
ir\ by arefull prepared j rar 





ind ne drawings i few halftor 
being presented to show specific type 
of standard nstruments ind Lee 
sories; the total number of illustratior 
being sixty-six. Suitably placed as foot 
notes throughout the work ure n 
than one hundred bibliographical ret 
erences to ithoritative publi Ltior 

A thorough understandin: of 
book ines a orkit now d ‘ 
highe nati ind It I I 
ippea Ss I t tl I 
th id\ tudent 
science “\ te } I 
laboratorian ( I 1de nN ! ! \ 
! ire oft ] t ‘ elect ind 

itior ind tl i idle 
| t nd ot té ! 
tT ’ nere tye T ! 
study in ord t btair ver 
sonable perspect f 
( 3 (wil riy i | 

Nat na | tar i | ) ) 
I f ry d 7 endab 

! t t ‘ nd er i 

} 1 til ( l of 
é } let ’ ind 

’ tend } } , 

t r 1 ‘ 

\ 


Fentative Code of Recommended 
Practices for Vesting and Measuring 
Air Flow in Exhaust Systems. Amer 

. . \ or 


’ I indrvmetr tior Ir 


Tentative Code of Reco 1rended 
Practices for Grinding, Volishine and 
Buffing Equipment Sanitation. Am: 

T i? ( 





i! Youndrymen’'s \ mn Cl 
192¢ Paner X11 11 ! 
Price $2.00 
rh e tw tl r ! I f 
posed standard 1 ( i} tl \.1°.A 
Industr Hy er Code Committee 
and approved b the \ tion's 
Roard of Director is tentutive code 
f recom: nded } t f 
dry ind t Ir ill} t 1 f 
t he ered t} rer t 
x be non-f t meittin tit 
eanil é ha t t« 1¢ r ? 
1) \ just cod f« ndry 1 
nd 1 rkin eX t | 
T , if 
eX nt { t ! ‘ ! 
f ti Frorew | 
tr) Committe y ? 
mmended | tice i nt ted it 
Vii tl 1 ed t} t } y 
just part l he ma! f 
drie where the doy ‘ ] my y 
in engineerin staff Muy herr the 
Committee Aas one of its pb-ectives 
the obtaining of niformitv in the f 
guarding of processes nd opera ns 
It is believed that the envine neg 
data included in these tentative 1 
f minimum requirement will ene ble 
the foundry industry to solve the 


ventilating problems at minimum cost 
consistent with good engineering prac 


tie 
ee 


Of the eight little books—these tw 
and the six to come the first one or 
\ir Flow tests and measuremen'‘s, will 


unquestionably prove useful not only 
to foundries but to all other industrial 
plants where ventilating systems are 
now installed or are to be installed 
This code enumerates in plain language 





what Instruments to use where t 
ren ind how to use each for eact 
nd of determination. It does not pre 
end to cover the entire field of air 
flow measurement nly mple methods 
ind simple nstruments are dealt witt 
space is devoted t corder r 
lat teé perr nent nstal 1 | 
¢ the appl t nd t tir t 
" e for J it he nelined and r 
I ' ete ‘ re r vane 
ner ' { 3s and ' ' 
t ] lir | t . . 
rt f ! t 1d r 1 t the 
, Intior +} j 
rt techr { } 

\ r | , , ttre 
rementen 1ithe ine oe 
| on (1 or Draft Gare ( ce ay 
M. PD. Pu ( I T ! Labor 
torie ) wt j nfer N 
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RIEHLE 
TESTING 
MACHINES 








..» Since 1825 
“World's Standard 
of ACCURACY! 


Universal, tensile, compression, impact, torsional 
transverse, hardness—whatever your testing re- 
quirements—it will pay you to consult Riehle 
engineers. For more than a century, Riehle has 
built testing machines, standard and special, 
from 10,000 to 3,000,000 pounds. Designed with 
true craftsmanship, dependable and simple to 
operate—recognized as standard the world 
over for accuracy and sensitivity. We invite 


you to put your testing problems up to us. 


RIEHLE aye. 


American Machine and Metals, Inc. 
100 Sixth Avenue New York,N.Y. 


‘ONE TEST IS WORTH A THOUSAND EXPERT OPINIONS 











PRESSED STEEL 
POWER RHEOSTAT 


Solves the problem of Multi- 
Plate and Dead Shaft Mounting 


This new Ward Leonard design includes features 
of compactness and sturdiness that are of interest 
to you. It is built on the lines of the 6’, 8” and 
13” Vitrohm Pressed Steel Rheostats and includes 
the same flexibility of mounting arrangements. 
New descriptiy e 
bulletins give 
full informa 


tion. Send for 





them. 
- 
B 
€ re 
ted ¢€ re 
Vit Pre 
Steel Rhe 
I let Ot € ¢ 
T he ‘id Rheostat is available for the large sized \V 
front or back of board mounting.  trohm Rheostat tha 
In multi-plate arrangement design has served 
assures the contact arms always in for near! 


step. 


WARD LEONARD 


Electric control devices since 1892 


WARD LEONARD ELECTRIC COMPANY 





38 South Street, Mount Vernon, N. ¥ . ms 
4 
Please send me bulletin Nos a 
1—< 
Firn ’ 
Address : 
( State 











THERMOMETER AND The EPPLEY 
PYRHELIOMETER 


BURETTE READING DEVICE 


Indispensable in the laboratory for quick, accurate 
reading of thermometers, burettes, etc. Consists of 
lens magnifying 5.5 times over a field of 22 mm., 
a held in tube with an 
extension serving as 
a reflector for illu- 
minating the object. 
Tube fitted with 
spring clamp, oper- 
ited by a small lever. 
Will fic tubes from 4 
to 15 mm. in diame- 
ter, and is easily ad- 
justable to desired 
position. 





For the determination and recording (with suitable 
This and numerous other laboratory aids are auxiliary apparatus) of the intensity of 
listed in our catalog S-2, sent on request. F 


- SOLAR RADIATION 


Write for descriptive bulletin E-2 





| EPLAB | 
THE GAERTNER SCIENTIFIC CORP. EPPLEY LABORATORY, INC, 


SCIENTIFIC IN 


1211 WRIGHTWOOD AVE., CHICAGO, U.S.A. atu tn ci ctliod 
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HALT! 
Heed Helen’s Helpful Hortation 
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